Abstract: Plate culturing techniques are important in many biological experiments, though plate culturing of diatoms, especially Centrales species, is difficult. In this study, we tested the simple decantation method for dispersing cells on an agar plate with a finely dimpled surface for culturing the Centrales diatom Chaetoceros tenuissimus Meunier. The results showed that C. tenuissimus cells uniformly grew on the surface of a dimpled plate according to the pattern of each pocket, using the decantation method. In contrast, only a fraction of the cells survived and made colonies on a smooth-surfaced agar plate, even using the decantation method. Cell growth was not observed on either dimpled or smooth plates when cells were dispersed by daubing using a spreader. Since this new method is easy and inexpensive and cells grow well on the plate, it might be useful for studies on diatom biology.
Diatoms are microalgae that play an important role in global carbon fixation. Many researchers have studied diatom biology and ecology using various experimental methods. Agar plate culturing methods for microalgae were developed in the 1950s. Initially, agar plate cultures were used for developing axenic strains of microalgae (Pringshein 1949 , Lewin 1959 . Plate culturing techniques were also utilized for stress tests on microalgae, e.g. antibiotics and diverse environmental factors (Wright 1975) . Recently, complete genome sequences have been reported for two different diatoms, Thalassiosira pseudonana Hasle & Heimdal (Centrales) and Phaeodactylum tricornutum Bohlin (Pennales) (Armbrust et al. 2004 , Bowler et al. 2008 . For molecular genetic experiments on diatoms, useful plate culturing methods need to be developed. Pennate diatom species are culturable on agar plates (Lewin 1966) , while it is considered difficult to apply these methods to centric species. This is because they have not, in the past, grown well in plate cultures (Iwasaki 1979b) . Developing a simple plate culturing method for Centrales is therefore necessary for a wide range of further diatom studies.
In this paper, a simple and easy method of agar plate culturing for centric diatoms is described using the planktonic species Chaetoceros tenuissimus Meunier (Centrales), which has been considered difficult to culture on regular agar plates. We tested the decantation method using a plate with a dimpled surface and examined cell growth.
Agar plates were prepared with 25 mL of 1% agar in modified SWM3 medium enriched with 2 nM Na 2 SeO 3 (Chen et al. 1969 , Itoh & Imai 1987 ) in a 9-cm plastic petri dish (IWAKI, Tokyo, Japan). Sterilized nylon mesh (NY10-HC, Tanaka Sanjiro Co. Ltd., Fukuoka, Japan) with a diameter of 8.8 cm was overlaid on normal SWM3 plates. Five mililiters of the same agar media, molten, was poured onto the mesh (Fig. 1A) . After solidification, the mesh with extra fixed agar was removed from the agar plate. In this procedure, the nylon mesh created a dimpled surface on the smooth agar plate (Fig. 1B) .
Axenic clonal C. tenuissimus strain 2-10 ( Shirai et al. 2008) , was used for this experiment. Cells were grown in modified SWM3 liquid medium under a 12/12-h light-dark cycle of ca. 110 to 150 μmol of photons m 2 sec 1 using cool white fluorescent illumination at 15°C. The cell growth on the dimpled plate was compared with that on an agar plate with a smooth surface (smooth plate). To spread cells on the plate, the following two methods were employed: 1) a 100-μL cell suspension with 10 5 cells mL 1 was put on the agar plate and daubed using a spreader (daubing method), 2) a 5-mL cell suspension with 10 5 cells mL 1 was poured onto agar plates and cultured for 12 h under the conditions described above and excess * Corresponding author: Yuji Tomaru; E-mail, tomaruy@affrc.go.jp
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water was fully discarded by decantation (decantation method). All plates were cultured under the conditions described above for 7 days. Cultures were observed by eye and also photographed with a digital camera (D200 with AF-S DX Micro NIKKOR 40 mm f/2.8G, Nikon, Tokyo, Japan), and highly magnified cells were observed using an inverted microscope (Eclipse Ti-U, Nikon, Tokyo, Japan). Using the daubing method, no cell colonies were detected on either plate medium ( Fig. 2A, B) . In contrast, using the decantation method, cell growth was observed on both types of plates (Figs. 2-C-H) . Cell colonies were observed after 1 week on the normal plate ( Fig. 2-E) , and cells grew more uniformly on the patterned plate than on the smooth plate (Fig. 2-F) . Similar results were obtained in the replicate experiments (data not shown). These results show that C. tenuissimus grew well on agar plates when using the decantation method, and suggests that the daubing method is not suitable for plate culturing of diatoms. For diatoms and other algal species that are difficult to culture on agar plates with the daubing method, spray methods using special instruments have been used (Pringshem 1949) . By means of this method, diatom cells might be less damaged relative to those subjected to the daubing method and may be uniformly spread on a plate with sufficient water for their growth.
Microscopic observations revealed that C. tenuissimus grew uniformly on the dimpled plate (Fig. 2-F, H) . The dimples on the agar surface help maintain adequate hydration, which is required for cell growth. In addition, the cells are easily retained in the dimples, resulting in the uniform cell growth over the plate surface. In contrast, on the smooth-surfaced SWM3 plate, only a fraction of the cells survived and they only made small colonies during the 9 days of culturing ( Fig. 2-E, G) . Several researchers have tried to establish an easy plate culture method for algae (Iwasaki 1979a , Andersen 2005 . They tested various culture media on diverse microalgal species. However, a widely applicable plate culture method for growing algae has not been established. Other studies on algal plate cul- ture methods have used soft agar media (Nagasaki & Imai 1994 , Lakeman & Cattolico 2007 . They reported that such media are useful for several algal species, though an important problem is that algal cells are embedded into the low-melting point agar gel. The cell embedding procedure is complex and researchers need experience to use it successfully. Also, the low-melting point agar is expensive. The effect of the shape of the plate s surface was not investigated in previous studies. In this study, we focussed on the utility of a plate medium with a surface of fine pockets. The cell cultures were poured onto a patterned-surface agar plate and the excess culture medium was discarded. Thereafter, the cells retained on the plate surface grew successfully. Therefore, the present method would be much easier and less expensive than the method using soft agar media.
The results of this study showed that C. tenuissimus cells, which are difficult to grow on normal plates using conventional methods, were able to survive on a plate medium with fine grooves when seeded using the decantation method. It is possible that this simple and low-cost technique could be applicable to the culture of other Centrales species and other phytoplankters. Recently, we observed that C. tenuissimus have a cell-to-cell communication system in spite of them being unicellular species (unpublished data). These uniformly growing cells on agar plates may be particularly useful for cell interaction experiments. The plate culturing method developed in the present study may accelerate studies on diatom and other microalgal biology.
